Since 1984, life expectancy at birth among the Japanese has been the longest in the world at any time in history.' This marked change in life expectancy at birth has been accompanied by a health transition that is represented by a dramatic decrease in infectious diseases such as tuberculosis. The recent increase in Japanese longevity is due partly to effective countermeasures for so-called "lifestyle-related diseases," which include arteriosclerotic diseases like cerebrovascular disease. However, circulatory diseases remain one of the major causes of death in Japan. Cerebrovascular disease had long been the leading cause of death, until it began decreasing greatly in the latter 1960s. In 1981, it was taken over by malignant neoplasm as the second leading cause of death. Since then, it has continued to decline, and today ranks as the third leading cause of death. Heart disease, formerly third among the causes of death, became the number two cause of death in 1985. It showed temporary decline in recent years, but has now regained its former high position. ' Various indicators are used to analyze the structure of causes of death. However, there have been few studies analyzing the contribution of each to life expectancy at birth due to the changes in mortality by each cause of death.
In this study, we examined the contribution of different age groups and causes of death, especially circulatory diseases, to the change in life expectancy at birth.
MATERIALS AND METHODS
The figures used in the present study for population size and the number of deaths by cause, age (5-year groups), and sex in 1955, 1965, 1975, 1985, and 1995 are based on the vital statistics of Japan.2-4 Life expectancies were estimated from the complete life tables in 1955, 1965, 1975, 1985, and 1995 . ' We analyzed the changes in cause of death for each of the following 10-year periods: 1955-1965, 1965-1975, 1975-1985, and 1985-1995 . The diseases examined were all causes, circulatory diseases (including cerebrovascular disease), circulatory diseases (excluding cerebrovascular disease), cerebrovascular disease (CVD) , ischemic heart disease (IHD), and heart disease (except for IHD When a life table was applied at the two time points ti and t2, the difference in life expectancy at birth eo2-eo' depended on the changes in mortality for each age group at the two time points.
Thus, using the method of Pollard,5-7 we were able to evaluate how the changes in mortality from different causes of death produced differences in life expectancy at birth at these two times.
That is, we weighted changes in life expectancy against changes in mortality by circulatory diseases, and calculated this as contributing year.
The following formula can be used to analyze change in life expectancy at birth according to mortality trends by age and cause:
e02-e01 -( m0(il1 -m00)2 )w0+4 4M1(i)1 -4m 1 12 )w +5 5m5on -5mSu12)w7 . where the suffixes 1 and 2 on the life table functions and mortality rate refer to times 1 and 2; tpx', tpx2 is the probability of survival t years from x at times 1 and 2, respectively; ex', ex2 is the expectation of life at age x; and nmx(i)1, nmx(i)2 is the central mortality rate for cause i in an age interval (x, x+n-1) at times I and 2, respectively. nDx is the number of deaths from all causes in an age interval (x, x+n-I), and nDx(i) is the number of deaths by cause i in an age interval (x, x+n-1). Finally, we is the weight function.
A positive contribution indicates that a mortality reduction in the relevant age group contributes to an increase in life expectancy at birth, whereas a negative contribution indicates that a mortality increase contributes to a reduction in life expectancy at birth.
For this paper, we estimated the contributions of circulatory diseases to changes in life expectancy by age group and cause of death. Tables 2 and 3 show the contributions of mortality changes by all causes and circulatory diseases to the life expectancy at birth during the years 1955-1995 for male and female, respectively.
RESULTS

All causes
The Values and percentages in this column may not add up to exactly total number and 100% because of rounding, respectively * The proportion of the contribution from changes in circulatory diseases mortality against changes in life expectancy from all causes of death years was large (2.289 years), but afterward it decreased dramatically. Overall, the change in life expectancy has become smaller as the present day is approached. On the contrary, the contribution among 75 years or over age group showed an upward trend.
Circulatory diseases (including CVD)
The contribution to improvements in life expectancy from circulatory diseases, including CVD showed an upward trend in both sexes until the 1975-1985 period, during which it began to fall. In the 1955-1965 period, the contribution was negative among the elderly of both sexes, but afterward there was a positive contribution in the middle-aged and elderly. The contribution increased in those 75 years of age and over especially for female, but decreased in people aged 15-44 and 45-64 years.
Circulatory diseases (excluding CVD)
The contributing years for circulatory diseases excluding CVD showed a rising trend in both males and females, and a large contribution to improvements in life expectancy was seen in the years 1985-1995. This contributing year was 0.654 years for male, and 0.943 years for female. By age, most contribution was seen among the middle-aged and elderly. In particular, among the elderly 75 years of age and above, a negative contribution with a large weight was seen in the years 1955-1965 (male: -0.116 years and female: -0.184 years), but then in the years 1985-1995 it accounted for a large weight in improvements in life expectancy (male: 0.337 years and female: 0.625 years).
Cerebrovascular disease (CVD)
The weights accounted for by improvements in life expectancy for both sexes were large, especially from 1965 through 1985. CVD was a cause of reduced life expectancy for males in the years 1955-1965 (-0.197 years), but afterward increased so that it showed a large weight in improvements in life expectancy in the years 1975-1985 (1.360 years). In 1985-1995, however, the contribution became smaller. The trend in female was also similar to male. By age group, people in the 45-64, 65-74, and 75 years and older age groups accounted for the majority of the contribution to life expectancy in both sexes.
Ischemic heart disease (IHD)
The contributions of IHD to changes in life expectancy at birth in both sexes were small and broadly flat from 1955 through 1995. There was a large negative contribution in the years 1955-1965 (-0.201 years for male and -0.163 years for female), but this increased until the largest positive contribution was seen in the years 1975-1985 (0.172 years for male and 0.187 years for female). Afterwards, a decrease was seen and in 1985-1995 there was again a negative contribution in males. By age, the majority of the contribution was accounted for by the middle-aged and elderly. In the years 1955-1965 and 1965-1975, death in middle and old age was a factor shortening life expectancy. 
DISCUSSION
In Japan, the life expectancy at birth has been lengthening each year as a result of decreased mortality. However, the changes do not necessarily show uniform trends in all age groups, and mortality curves differ.' Numerous studies have analyzed the structure of causes of death. However, few studies have investigated and analyzed the contributions to changes in life expectancy at birth by cause of death and age group,*-11 and there have been almost no such studies in Japan.
One method to estimate the contributions by cause of death is known as potential gains in life expectancy by complete elimination of a specific cause of death.12.13 However, the idea that one can completely eliminate certain causes of death is not realistic.' It is more realistic to measure the contribution to an increase or a reduction in life expectancy at birth by the changes in different age groups and causes of death. This method, by indicating which diseases are being overcome and which have a higher morbidity and severity at which periods in time, is thought to be useful in that if offers a means of analyzing the types of changes in life expectancy at birth by age group.
In the present study we looked at which circulatory diseases affected changes in life expectancy in Japan, and the level of those effects, over the 40 years from 1955 through 1995 .
The decreased mortality from circulatory diseases (including CVD) each year in the 75 year old and over population has had a great impact on the improvement in life expectancy. A particularly large increase has been seen in women. Nusselder et al . analyzed the contribution to improvements in life expectancy from decreased morbidity of various diseases, and reported that the decreased mortality from circulatory diseases among the elderly in recent years has had a large effect in improving life expectancy." There was little improvement in mortality in the 45-74 age group, so the contributions of this age group to improvements in life expectancy were small. It is characteristic of the Pollard method that changes at young ages have a larger impact on life expectancy than changes at advanced ages. Changes in mortality at younger ages tend to have a greater impact on changes in life expectancy. Despite this, from the considerable contribution of the elderly seen in recent years and the small contribution of the middle-aged group, we can see that while the decline in mortality from circulatory diseases among the elderly is marked, there has been little improvement in this mortality rate in the middle-aged group.
Considering circulatory diseases other than CVD, we see that the contribution to improvements in life expectancy is increasing year by year, with a particularly striking contribution in recent years. In the first decade covered in this study, 1955-1965, the 75 and over age group of both sexes had a shortened life expectancy, but in the years 1985-1995 this was the group with the greatest gains in life expectancy. In recent years the 65-74 group has also had a large impact on improvements in life expectancy in both males and females.
The mortality from CVD during the 20 years from 1965 through 1985 declined dramatically, and this contributed greatly to an expanded life expectancy at birth. Reports from many countries, including those of Southeast Asia, 15-17 have described a declining mortality from CVD.18-21 The reason for this is unclear," but it is thought to be related to the decreased incidence of stroke .23-25 Conversely, there are also reports of an increasing incidence of stroke in some countries. 26, 27 In recent years, the decline in CVD has leveled, and its contribution to improvements in life expectancy has largely decreased. Until the mid-1980s, the decreasing mortality from CVD was a major factor contributing to improvements in life expectancy. In recent years, however, heart disease has taken its place, and has come to make the largest contribution among circulatory diseases. In particular, the declining contribution in those aged 45-74 years has in recent years pulled down the contribution of this age group for circulatory diseases overall.
IHD had no large impact on change in life expectancy in either sex. The contribution of reduced heart disease to improvement in life expectancy is mostly due to decreases in heart disease other than IHD. Mortality from IHD decreased in 1975-1985, but in other periods remained nearly unchanged. The IHD mortality in Japan has tended downward since 1970, and in 1985 became the lowest in all the industrialized countries. 18 28 One of the reported causes of the decrease in IHD mortality in Japan is the decrease in hypertension. [29] [30] [31] Conversely, in the 10 years of 1985-1995, IHD has shown a negative contribution in males and in recent years has increased slightly. Japan adopted the international Statistical Classification of Diseases and Related Health Problem, Tenth Revision (ICD-10) in 1995." One of the aims in this was to correct the overdiagnosis of heart failure, and increase the reliability of mortality statistics by cause of death based on death certificates. This has had a large impact on mortality statistics, especially for death due to heart disease. A large decline has been seen in the recorded number of deaths from heart failure, and a dramatic increase in deaths from IHD33 However, despite the various studies that have been conducted ,33-36 no epidemiologic basis has been presented for whether the reliability of death certificates has improved with respect to the sudden increase in IHD. For the above reasons, this problem remains an issue for future study.
Although the absolute value of the contribution of circulatory diseases overall is moving downward, its proportion of overall contributions is increasing. This is because even though the contribution from reductions in circulatory diseases is decreasing, the contributions from other causes of death are also decreasing greatly, resulting in a declining contribution from all causes of death.
Thus, while mortality from circulatory diseases in Japan is decreasing year by year, they remain one of the major causes of death. Their contribution to changes in life expectancy has increased in recent years but seems to have reached a plateau, and the decline in mortality from CVD has grown smaller. Mortality from heart disease, on the other hand, has dropped significantly in recent years, with a particularly striking decline in mortality among the elderly. However, the weight against improvements in life expectancy in middle aged people has shown little change, so that reducing the mortality rate in middle aged people is now a major issue. The findings in our present analysis may have implications for practical decision making in setting up health goals and evaluating health promotion activities.
